INTRODUCTION
The living birds classified within the order Galliformes form a large and cosmopolitan group comprising more than 250 species within some 70 genera (Monroe and Sibley, 1990) . Galliformes are traditionally classified into seven families: Megapodiidae (mound builders, brush turkeys, and allies), Cracidae (curassows, guans, and chachalacas), Odontophoridae (New World quails), Numididae (guineafowl), Phasianidae (pheasants, partridges, Old World quails, and allies), Meleagrididae (turkeys), and Tetraonidae (grouse and allies) (del Hoyo et al., 1994) . Based on molecular markers and comprehensive taxon sampling, current classification suggested that the Meleagrididae should be classified into the Phasianidae (Dyke et al., 2003; Crowe et al., 2006; He et al., 2009) . Tragopan is a genus of bird in the family Phasianidae. These birds are commonly called "horned pheasants" because of two brightly colored, fleshy horns on their heads that they can erect during courtship displays. There are five recognized species in Tragopan, namely T. melancephalus, T. satyra, T. temminckii, T. blythii, and T. caboti. Cabot's tragopan, T. caboti, is a globally threatened pheasant endemic to southeast China, where it is known as the Yellow-bellied tragopan (Zhang and Zheng, 2007) . The typical habitats of the tragopan have been seriously fragmented because of forest management for timber production and farmland reclamation in recent years (Deng and Zheng, 2004) . As a result it was classified as Vulnerable (VU) in the International Union for the Conservation of Nature and Natural Resources (IUCN) Red List (IUCN 2009 ), and also listed in the first category of National Key Protected Wild Animals in China.
Mitochondrial genomes have great potential for resolving ancient patterns of evolutionary history and for serving as a model of genome evolution. With a few exceptions, metazoan mitochondrial genomes are double-stranded, circular molecules, 15-20 kb in size, containing 37 genes: 13 protein-coding genes, 22 transfer RNA genes (tRNAs) and two ribosomal RNA genes (rRNAs) (Wolstenholme, 1992; Boore, 1999) . The genome is highly economized with few sections of noncoding DNA, intergenic regions or repetitive sequences, except for one major control region. The control region is believed to control the initiation of replication and transcription of animal mitochondrial DNA (mtDNA) (Shadel and Clayton, 1997) . Because of its compactness, maternal inheritance, fast evolutionary rate compared to nuclear DNA, and short coalescence time, mtDNA is useful for population genetic studies such as the analysis of gene flow, hybridization and introgression (Moore, 1995) . Thus, the mitochondrial genome can provide abundant information for evolutionary studies of many taxa, and can also be used as a source of molecular markers in the conservation studies of endangered species (He et al., 2009; Zhang et al., 2009) . To date, the complete mtDNA sequences are available for 21 Galliformes species (Table 1) ; however, no complete mitochondrial sequence has been reported for members of the genus Tragopan. In this study, we present the complete mitochondrial genome of T. caboti (Galliformes: Phasianidae) and give a thorough description of its genome features in comparison to other Galliformes species. X.Z. Kan et al. 
MATERIAL AND METHODS

Sample collection and DNA extraction
A naturally dead individual Cabot's tragopan (male) was obtained from the Wuyanling National Nature Reserve (27°43'N, 119°39'E), Zhejiang Province, China. Total genomic DNA was extracted from the muscle tissue using the standard phenol/chloroform methods (Sambrook and Russell, 2001 ).
PCR amplification and sequencing
To minimize the possibility of obtaining nuclear copies of mitochondrial genes (NUMTs), two long overlapping fragments (~16 kb in length) were first amplified using the long and accurate-polymerase chain reaction (LA-PCR) kit (Takara, Dalian, China). The first LA-PCR primer set was LA16SF and LA16SR of Nishibori et al. (2001) . The second primer set was CytbF605 and CytbR252, designed based on the sequence of Cytochrome b gene (cob) from Cabot's tragopan. The LA-PCR was conducted at 94°C for 1 min, followed by 35 cycles consisting of 10 s denaturation at 98°C and a 15-min annealing and extension at 68°C, with a final extension step of 10 min at 72°C, using a DNA Thermal Cycler TC-3000 (Techne, Barloworld Scientific Ltd., UK). The amplified fragments with a size of approximately 16 kb thus obtained were used as the templates for the short overlapping fragment (1.1-1.5 kb in length) amplification with 15 primer sets ( Table 2 ). All the 15 sets of primers were designed based on the conserved sequences of mitochondrial genome among other species of Galliformes, which were aligned using CLUSTAL X, version 2.0.10 (Larkin et al., 2007) . Each primer set amplified an mtDNA fragment containing an overlap of at least 100 bp with the adjacent amplified fragment at both termini. PCR was carried out in a volume of 25 μL containing 5-50 ng DNA template, 6.25 pmol of each primer, 0.2 mM of each dNTP, 2 mM MgCl 2 , and 0.625 U DreamTaq TM DNA polymerase (Fermentas, Burlington, Canada). Amplification was conducted in the DNA Thermal Cycler TC-3000 as above. PCR cycles were as follows: one cycle of 4 min at 70°C, 4 cycles of 40 s at 94°C, 20 s at 52°C, and 2 min and 10 s at 72°C, followed by 36 cycles of 20 s at 94°C, 20 s at 50-55°C, and 2 min and 10 s at 72°C. The process was completed with a final elongation at 72°C for 10 min. The band with the right size was cut out and purified using an EZ Spin Column DNA Gel Extraction Kit (Bio Basic Inc.). The purified PCR products were sequenced directly on an ABI-PRISM 3730 sequencer using a BigDye Terminator, version 3.1, Cycle Sequencing Kit (Applied Biosystems) and the corresponding primer.
Gene identification and genome analyses
DNA sequences were analyzed using the DNASTAR Lasergene, version 5.0, software. Contig assembly was performed with the ContigExpress program (a component of Vector NTI Suite 6.0). The boundaries of protein-coding genes and rRNA genes were initially identified via DOGMA (Wyman et al., 2004) using the default setting, and refined by alignment with mitochondrial genomes of other species of Galliformes. Most tRNA genes were identified using tRNAscan-SE 1.21 (Lowe and Eddy, 1997) under the 'cove only' search mode, with the vertebrate mitochondrial genetic code and 'mito/chloroplast' source. Some tRNA genes, which were not found by the tRNA-SE1.21, were identified by proposed secondary structures and anti-codons (Kumazawa and Nishida, 1993; He et al., 2009; Shen et al., 2009a) . Gene map of the mitochondrial genome of T. caboti was initially generated with OGDRAW (Lohse et al., 2007) and modified manually
RESULTS AND DISCUSSION
Genome composition
The complete sequence of the mtDNA of T. caboti is 16,727 bp in length ( Figure 1 and Table 1 ) and was deposited in GenBank with the accession number (GU187969). The size of the Galliformes mtDNA ranges from 16,678 bp (Syrmaticus reevesii) to 16,841 bp (Gallus lafayettii and G. sonneratii). Similar to the typical mitochondrial genomes of vertebrates, the Cabot's tragopan mtDNA consists of 13 typical protein-coding genes, 22 transfer RNA genes, 2 ribosomal RNA genes (srRNA and lrRNA), and one putative control region (D-loop) ( Table  3) . As found in other vertebrates, most of these genes were coded on the H-strand, except for one protein-coding gene (nad6) and eight tRNA genes (tRNA The overall base composition of H-strand is as follows: A (30.4%), T (24.3%), G (13.7%), C (31.6%), and the A+T content of T. caboti (54.7%) is similar to those of other Galliformes (ranging from 52.7 to 56.5%) ( Table 1) . As in most vertebrates, the overall base composition is skewed against guanine in the T. caboti mt genome, which is due to a strong bias against the use of guanine at the third codon position (San Mauro et al., 2004) .
Furthermore, one extra nucleotide 'C' is present in nad3 of T. caboti, which is consistently observed in Galliformes except for Arborophila rufipectus (He et al., 2009 ). This extra nucleotide is found in many other birds and some turtles and is thought not to be translated (Mindell et al., 1998; Slack et al., 2003) . We found 82 species present in the extra nucleotide of nad3 within all currently available 107 avian mitochondrial genome sequences retrieved from GenBank (data not shown). However, the extra 'C' of nad3 was not observed in all available nine mtDNA sequences from Passeriformes. Although Russell and Beckenbach (2008) put forward a hypotheses that certain mitochondrial translation systems have the ability to tolerate frameshift insertions using programmed translational frameshifting, the function of the extra "C" in nad3 and its phylogenetic implications are still unclear.
Protein-coding genes: nucleotide composition and codon usage
As shown in Table 1 , the total length of the 13 protein-coding genes（PCGs）in T. caboti mtDNA is 11,390 bp, accounting for 68.1% of the complete mitogenome. The length of 13 PCGs found in the Galliformes species varies from 11,378 bp (Numida meleagris) to 11,403 bp (Coturnix japonica). The 13 PCGs found in the T. caboti mtDNA are similar in length to most other Galliformes species. The longest PCG of T. caboti mtDNA is the nad5 gene (1815 bp), whereas the shortest is atp8 gene (165 bp) (Table 4) . The AT composition at the first codon position is 49.8%. The values of the second and third codon positions are 58.2 and 54.0%, respectively ( Table 1) . As with most Galliformes species (except for Bambusicola thoracica), the AT composition of the second codon position is the highest (Table 1 ). The bias of the base composition in each protein-coding gene can be described by skewness (Perna and Kocher, 1995) , which measures the relative numbers of As to Ts and Gs to Cs, and is calculated as (A% -T%) / (A% + T%) and (G% -C%) / (G% + C%), respectively. Twelve PCGs of T. caboti mitochondrial genome (with the exception of nad6) have a slight skew of A vs T (AT skew = 0.01 to 0.55), and a strong skew of C vs G (GC skew = -0.29 to -0.73) ( Table 4) .
Within the mitochondrial genome of T. caboti, there are 3 reading frame overlaps (cox1 and tRNA ser(UCN) share 9 nucleotides; atp8 and atp6 share 10 nucleotides; nad4L and nad4 share 7 nucleotides). Other overlaps are shown in Table 3 .
Of the 13 typical atp6 and atp8, cob) , 12 genes (with the exception of nad6) are encoded on the heavy strand. All PCGs initiate with ATG, except for cox1, which begins with GTG. Four types of stop codons were used by the coding genes, including TAA for nad1, cox2, atp8, atp6, nad4L, and nad5 ; TAG for cob and nad6; AGG for cox1, and incomplete stop codon T-or TA-for nad2, nad3, cox3, and nad4, respectively. The use of an incomplete stop codon T-as a common mechanism for stopping protein translations was also observed in other avian species.
The pattern of codon usage in the T. caboti mtDNA was also studied (Table 5 ). There are 3785 codons for all the 13 protein-coding genes after stop codons are excluded. The most frequently used amino acid was Leu (17.39%), followed by Thr (9.36%), Ile (8.09%), Ser (7.77%), and Ala (7.56%).
Non-coding regions
A total of 17 intergenic sequences, ranging in size from 1 to 1177 bp, were found in the mitochondrial genome of T. caboti (Table 1) . Among these, the longest non-coding region (1177 bp) was found between tRNA Glu and tRNA Phe genes. The length of control region of Galliformes species varied between 1120 bp (Alectura lathami) and 1292 bp (Gallus lafayettei and G. sonneratii), and ranging in AT content from 55.3% (A. lathami) to 60.2% (C. chinensis) ( Table  1) . Based on the distribution of the variable nucleotide positions and differential frequencies of the nucleotides, the mitochondrial control region is divided into three domains (Brown et al., 1986; Saccone et al., 1991; Randi and Lucchini, 1998) . The nucleotide composition of the T. caboti control region was A = 27.36%, T = 31.52%, C = 27.02%, and G = 14.10%, with a bias against G, which is usual for the mtDNA sense strand of vertebrates (Wolstenholme, 1992) (Table 6 ). The domain I (ETAS, extended termination-associated sequences) contains part A (nt 1-163 in Figure 2 ) and part B (nt 164-315 in Figure 2 ). The first conserved block (5'-TACCCCCCCTTTCCCCCCCAGGGGGGGTA-3') in part A has sequence similarity to the "goose hairpin" as described in Anas caerulescens by Quinn (1992) (Figure 2 ). Furthermore, in part A, ETAS1 and ETAS2 are found in positions 64-126 and 124-163 nt, respectively, and overlapped one another by 3 bp, with 67.5 and 44.3% similarity to the consensus mammalian The numbers in parentheses indicate the nucleotide frequency of the average avian control region (CR) sequences (Ruokonen and Kvist, 2002) .
ETAS1 and ETAS2 (Sbisa et al., 1997) . In part B (nt 164-315), a conserved sequence block 1 (CSB1)-like block (5'-TAACTATGAATGGTTACAGGACATA-3') has 73.1% similarity to the CSB1 in domain III (Figure 2 ). Four conserved sequence boxes in the central domain II (nt 316-783) were identified as boxes C, D, E, F (Figure 2 ). In domain III (nt 784-1177), a poly(C) sequence (nt 783-796), similar to the O H (origin of H-strand replication) of mammals, maps just a few nucleotides downstream from the putative CSB1 (nt 807-832) (Figure 2) . The CSB domain of T. caboti has no obvious tracks of CSB2 and CSB3 (Walberg and Clayton, 1981) . The bidirectional light-and heavy-strand transcription promoters (LSP/HSP) (L' Abbe et al., 1991) are found in T. caboti (Figure 2 ). 
Ribosomal and transfer RNA genes
As in all other mt genomes sequenced so far, rRNA genes of T. caboti include small subunit rRNA (srRNA) and large subunit rRNA (lrRNA). The srRNA gene is located between tRNA Phe and tRNA Val genes, and the lrRNA gene is located between tRNA Val and tRNA Leu(UUR) genes. The lengths of srRNA and lrRNA are 978 and 1546 bp, and A+T content are 52.9 and 54.9%, respectively, which are within the range observed in other Galliformes species (Table 1) .
The complete mitochondrial sequence contains 22 tRNA genes, which are interspersed in the genome and range in size from 65 (tRNA Ser(AGY) ) to 78 (tRNA Trp ) nucleotides (Table 3) . tRNA Lys and tRNA Ser(AGY) , which were not found by the tRNAscan-SE, were identified by comparison with G. gallus counterparts. All the tRNA gene sequences have the potential to fold into typical cloverleaf secondary structures (Figure 3) . The DHU arm contains 3-4 nucleotide pairs, and the TΨC arm contains 3-5 nucleotide pairs. This is the first complete nucleotide sequences for the mitochondrial genome of Cabot's tragopan Tragopan caboti distributed in the Wuyanling National Nature Reserve, China. We also reported the genome organization and codon usage of T. caboti mitochondrial DNA. These results will provide basic information for phylogenetic analyses among the Galliformes birds, and especially the Tragopan species. 
